D
iastasis recti abdominis (DrA), a separation of the paired rectus abdominis muscles, occurs primarily in women as a result of abdominal distension during the second and third trimesters of pregnancy. 1 This condition is estimated to be present in up to 68% of women immediately postpartum. 2 The presence of DrA can be determined by measuring one's interrectus distance (IRD) on ultrasound imaging, whereby an IRD of at least approximately 1.5 cm is considered to be indicative of DrA. 3, 4 However, the amount of separation present (IRD) varies among women with DrA. For example, women with DrA may present with IRDs anywhere between approximately 1.5 and 20 cm, [3] [4] [5] [6] whereby larger IRDs are considered to be indicative of more severe DrA. 7, 8 Although IRD improves in the first 8 weeks after delivery, 3 DrA persists in many women beyond the postpartum year 3 and even decades later. 9 It is widely accepted among plastic surgeons that DrA has cosmetic implications [10] [11] [12] normally in the form of an abdominal bulge that does not correct with diet and/or exercise. 13 As a result, women with DrA may present with body image and body satisfaction rates [14] [15] [16] lower than those found in the general population. [17] [18] [19] [20] Women with DrA may also complain of abdominal pain or discomfort 7, [21] [22] [23] [24] that may worsen with movement. 24 Although the evidence for an association is less clear, women with DrA may present with lumbopelvic pain 9, 21, [25] [26] [27] [28] [29] [30] [31] and/or urogynecological symptoms 9, 26, 27 including urinary incontinence, fecal incontinence and pelvic organ prolapse. Although IRD is known to influence abdominal muscle strength and endurance (ie, the larger the IRD, the poorer the abdominal muscle function), 32, 33 the relationships between IRD and the different symptoms associated with DrA are not well understood. That is, it is currently unknown if, among women with DrA, those with larger separations (larger IRDs) experience more severe symptoms. Improved understanding of the relationship between the degree of rectus abdominis muscle separation and symptom severity has important implications for clinical practice. Specifically, this information is needed to inform healthcare professionals on whether the current practice of using IRD to measure DrA severity is clinically meaningful, as little research has been conducted to investigate the clinical assumption that, among women with DrA, those with larger IRDs will experience more severe symptoms.
The purpose of this study was to investigate the relationship between IRD and the severity of body image complaints, abdominal pain, lumbar pain, pelvic pain, self-perceived disability due to low back pain, and urogynecological complaints in women who present with DrA in the early postpartum period.
Methods
This study was approved by the Queen's University (REH-566-13) and University of Toronto (#30007) Health Sciences Research Ethics boards, and all volunteers provided written informed consent prior to participating. Participants were recruited into a pilot randomized controlled trial evaluating conservative interventions including abdominal binding and an exercise intervention for DrA. This trial had a built-in observational component, whereby baseline data were used to determine the relationship between IRD and symptom severity. Recruitment occurred in Toronto, Canada, from May 2014 to June 2015 using flyers in obstetricians' offices and through visits to prenatal education and prenatal fitness classes.
An estimated sample size of 21 was determined using G*Power software (v. 3.1.9.2; Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany), proposing an estimated correlation coefficient of 0.5 on the basis of a study that reported on the relationship between IRD and abdominal muscle function, 32 a type I error of 0.05, and a type II error of 0.20. We recruited 32 women-a sample size expected to provide adequate power and to generate a large range of IRDs.
Participants
Women who were between the ages of 18 and 35 years old, who had delivered their first child (vaginally) within 4 weeks of study participation, and who had DrA (identified through palpation) (see the description of the first evaluation session below) were included. Women were excluded if they had known neurological impairments that could influence muscle activity (eg, multiple sclerosis) or if they had known connective tissue disorders (such as Marfan or Ehlers-Danlos syndrome). As mentioned above, the current study was built-in to another study that evaluated the effect of conservative interventions on the signs and symptoms associated with DrA whereby baseline data from our intervention study were used to address the objectives described in this article. As such, women with persistent or recurring pain with intercourse prior to pregnancy were also excluded, as this was an exclusion criterion for the associated pilot randomized controlled trial.
Procedure
Women attended 2 laboratory sessions. The first session was a screening and evaluation session and occurred between the third and fourth postpartum weeks. At this first session, the presence or absence of DrA was determined by a single evaluator who was a registered physical therapist. This determination was made by palpating the sulcus between the rectus abdominis heads to measure IRD at 4 levels along the linea alba: the superior border of the umbilicus, 3 and 5 cm above it, and 3 cm below the inferior border of the umbilicus. For this evaluation, the woman lay in a crook lying position on an examination table and lifted her head off a pillow in order to activate the abdominal muscles to better delineate the borders of the rectus abdominis heads. The presence of DrA was confirmed if the evaluator was able to place at least 2 fingers in the sulcus between the rectus abdominis heads 34 at any of the 4 palpated locations along the linea alba (ie, if the IRD was ≥ 2 finger widths). If DrA was confirmed, women were deemed eligible to participate, and the symptom questionnaires (see Symptoms section) were administered. Participants were blinded to their IRD when they completed the questionnaires. Age, time since delivery, presence and degree of perineal tearing (if known) and/or use of episiotomy during delivery were collected through self-report and recorded for demographic purposes. Participant weight, height, and waist circumference measured half way between the 12th rib and iliac crest were measured and recorded. Although palpation is the clinical standard for assessing IRD for DrA diagnostic purposes, 34 it provides a measurement on a discrete scale (finger widths), which is not ideal when investigating the relationship between IRD and symptoms. In order to collect IRD measurements on a continuous scale (ie, centimeters), all women underwent a transabdominal ultrasound imaging assessment, the gold standard for IRD measurement. 35 This ultrasound imaging assessment occurred within 3 days after their first session. Details are described below.
Symptoms
The presence and severity of women's symptoms was determined through a series of self-report questionnaires.
Body image. Aspects of body image were measured using the Appearance Evaluation and Body Areas Satisfaction subscales of the Multidimensional BodySelf Relations Questionnaire. 36 The Appearance Evaluation subscale consists of 7 statements rated on a 5-point Likert scale regarding physical attractiveness or unattractiveness, for example, "I like the way I look without my clothes on". The average rating across all 7 items was determined, where higher scores indicated a more positive body image. The Body Areas Satisfaction subscale is similar to the Appearance Evaluation subscale, except that it determines satisfaction with discrete aspects of one's appearance using a Likert scale from 1 to 5, where higher scores indicate greater satisfaction. Both the Appearance Evaluation and the Body Areas Satisfaction ratings relating to the waist/stomach area were used in the statistical analyses. Both subscales have adequate internal consistency (Cronbach alpha = 0.73-0.88) and test-retest reliability (correlation coefficient = 0.74-0.91). 20 Abdominal pain. Abdominal pain was quantified using a horizontal 100-mm visual analog scale (VAS) with "no pain" and "worst pain imaginable" as anchors. Participants were asked to rate their current abdominal pain, and also the worst amount of abdominal pain they had experienced in the previous 24 hours. Participants were placed in a standardized position (sitting with their feet firmly on the ground, and back supported by the chair back) when completing questionnaires involving pain intensity. The test-retest reliability of nonacute musculoskeletal pain intensity scores obtained from the VAS has been reported as good (Spearman correlation coefficients of 0.86 and 0.87 for current pain and worst amount of pain in a set period of time, respectively). 37 Lumbar pain, pelvic pain, and selfperceived disability due to low back pain. Similar to the recording of abdominal pain, current pain and worst pain in the past 24 hours were each determined using the horizontal VASs for pain in the low back area and in the pelvic area (separate VASs for each body site). For pain in the pelvic area, women were asked not to consider pain in the vulvar/vaginal area. Disability due to low back pain was determined using the modified version of the Oswestry Disability Index, whereby the question about sex life was replaced with an item surrounding employment/ homemaking activities. 38 This modified version was deemed most appropriate for our sample given that women are typically advised by health care providers not to resume intercourse until after the visit that occurred at 3 weeks postpartum. Further, this is the only version of the Oswestry Disability Index that contains an item relating to activity/participation restrictions. The total score was expressed as a percentage (0%-100%), with higher values representing greater disability. The test-retest reliability (intraclass correlation coefficient of 0.90) 38 and construct validity of this version have been reported to be excellent. 39 Urogynecological complaints. The short form Pelvic Floor Distress Inventory and the short-form Pelvic Floor Impact Questionnaire are 2 complementary health-related quality of life questionnaires for female urinary and/or fecal incontinence, urinary and/ or fecal urgency, and pelvic organ prolapse. 40 Each questionnaire is scored from 0 to 300, where a higher score indicates greater distress and negative impact of symptoms on quality of life. The original instructions ask participants to consider their symptoms in the last 3 months. This time period was not considered appropriate for women in our study as they were 3 weeks postpartum, therefore for the purpose of this study, we removed the timeline to reflect measurement of "current" symptoms. These questionnaires demonstrate adequate test-retest reliability (intraclass correlation coefficient of 0.77-0.93) 40 and criterion-related validity. 41, 42 
IRD Measurement
The IRD was determined using ultrasound imaging, the gold standard 35 for noninvasive IRD assessment. A GE Logiq e system (Buckinghamshire, United Kingdom) interfaced with a 2-dimensional, high frequency (5-13 MHz) linear transducer was used in B-mode for all imaging. Participants were positioned in supine with a pillow under their head. A registered sonographer with specific training on the measurement approach acquired images at 4 locations along the linea alba: the superior border of the umbilicus, 3 cm above the superior border of the umbilicus, 5 cm above the superior border of the umbilicus, and 3 cm below the inferior border of the umbilicus. High intrarater, between session reliability (intraclass correlation coefficients above 0.90) of IRD measurement at these levels has been demonstrated. 43 Five images were captured at each anatomical location while the participant remained in a relaxed supine position with her arms resting by her side. Visual inspection was used to ensure no limb or trunk movement occurred during data collection. In situations where the IRD was too large to be visualized using conventional ultrasound imaging, panoramic mode was used whereby the final ultrasound image was created by concatenating successive image frames. 44 The IRD was determined through measuring the length of a straight line connecting the medial edges of the bilateral rectus abdominis heads (Fig. 1) .
The mean IRD across 5 images was determined for each anatomical location. The IRD has been represented in previous studies as either the largest mean IRD regardless of measurement site, 9 or the average IRD across all measurement sites; 32 thus, both outcomes were calculated and subsequently used in the statistical analyses. The presence of umbilical wall hernias, defined as a visible defect in the linea alba with protrusion of the abdominal contents, 45 was determined at the same sites described above during the ultrasound imaging assessment and used for descriptive purposes. In order to minimize bias, the sonographer did not have access to participants' questionnaire data and was therefore unaware of their symptom severity.
Data Analyses
Statistical analyses were performed using IBM SPSS Statistics (v.22; IBM Corp, Armonk, New York). Data were first tested for normality using the Shapiro-Wilk test, skewness and kurtosis statistics, and visual inspection of histograms and probability-probability plots. Data were said to have violated the assumption of normality if the Shapiro-Wilk test was significant, or if skewness or kurtosis values divided by their respective standard errors were above 1.96. 46 Correlation coefficients (Pearson or Spearman coefficient, depending on normality) were calculated in order to determine the relationship between IRD and each outcome, including the VAS scores, Modified Oswestry Disability Index scores, Multidimensional Body-Self Relations Questionnaire scores (Appearance Evaluation and Body Areas Satisfaction subscales), Pelvic Floor Distress Inventory scores, and Pelvic Floor Impact Questionnaire scores. One-tailed significance testing (Bonferroni-adjusted α for multiple comparisons = .009) was used for our correlation coefficients, as our hypotheses were directional (ie, it was considered unlikely that larger IRDs would have a positive effect on symptoms).
Body mass index and waist circumference were identified as potential confounders; thus, if data were nonparametric and regression could not be performed, Spearman correlation coefficients were also calculated to explore the relationship between body mass index and IRD, waist circumference and IRD, and body mass index and any other variables that were found to be significantly correlated with IRD. A confounding effect was considered likely if body mass index or waist circumference were significantly (α = .05, 1-tailed) correlated with both IRD and with the symptom measure. With regards to urogynecological complaints, perineal trauma was identified as a potential confounder, thus, if the relationship between IRD and urogynecological complaints was found to be significant, we planned to calculate Spearman correlation coefficients to explore the relationship between degree of perineal tearing during birth and IRD, between degree of perineal tearing and Pelvic Floor Distress Inventory scores, and between degree of perineal tearing and Pelvic Floor Impact Questionnaire scores. A confounding effect was considered likely if degree of perineal tearing was significantly (α = .05, 1-tailed) correlated with both IRD and with the Pelvic Floor Distress Inventory or Pelvic Floor Impact Questionnaire. 
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Results
Thirty-two women who were primiparous were identified as having DrA at 3 weeks postpartum and participated in our study. Five women were screened for eligibility but did not present with DrA, and as such, were not asked to participate. The participants ranged in age from 27 to 35 years old. Other relevant sample characteristics are described in Table 1 . The ultrasound imaging assessment occurred between 1 and 3 days after the screening session for all participants.
No umbilical wall hernias were detected at any imaging site. The IRD values (both largest IRD across measurement sites and mean IRD across all 4 measurement sites) violated the assumption of normality (Shapiro-Wilk test: W = 0.86, n = 32, P = .001; skewness/standard error = 4.23; kurtosis/standard error = 5.50). The questionnaire data were also not normally distributed except for the Appearance Evaluation subscale of the Multidimensional Body-Self Relations Questionnaire (W = 0.964, n = 32, P = .35; skewness/ standard error = 1.34; kurtosis/standard Interrectus distance (IRD) measurement using ultrasound imaging. The rectus abdominis (RA) muscles are outlined in yellow. The line from which the IRD was measured is indicated by a dotted yellow line.
with body image (ρ = −0.44, P = .006). The IRD was not significantly associated with measures of lumbar pain, pelvic pain, disability due to low back pain, or urogynecological complaints. However, low values of musculoskeletal pain and disability due to low back pain were found in our sample. The median and interquartile range values of all measures are displayed in Table 2 . Table 3 displays the Spearman correlations between IRD and self-report data. The relationships between IRD and body image (Appearance Evaluation subscale) and between IRD and the experience of abdominal pain over 24 hours are depicted in Figures 2 and 3 . No differences (paired t test: t = −2.193, df = 10, P = .053) in correlation coefficients were found when IRD was represented as the largest IRD regardless of measurement site or the mean IRD across all 4 sites.
Body mass index was not significantly correlated with IRD (ρ = 0.27, P = .07), was not correlated with 24-hour abdominal pain (ρ = 0.05, P = .391), but was significantly correlated with the Appearance Evaluation subscale of the Multidimensional Body-Self Relations Questionnaire (ρ = −0.53, P ≤ .001). Similarly, waist circumference was not significantly correlated with IRD (ρ = 0.29, P = .053) or with 24-hour abdominal pain (ρ = 0.06, P = .36) but was significantly correlated with the Appearance Evaluation subscale scores (ρ = −0.60, P < .001). Because neither body mass index nor waist circumference was significantly correlated with IRD, confounding effects of these variables on the relationships between IRD and abdominal pain and between IRD and body image were deemed to be unlikely.
Discussion
Our preliminary findings suggest that, among women who were primiparous and in the early postpartum period, IRD is significantly positively associated with the experience of abdominal pain over 24 hours, as well as with worse body image, in women with DrA. As such, it appears that interpreting IRD as a measure of DrA severity may be appropriate in this context but not in the context of low back pain or low back error = 0.33). Attempts to normalize the data using transformations were unsuccessful; therefore, nonparametric statistics were used in all cases.
Within our sample of women with DrA, IRD was significantly correlated with the experience of abdominal pain over 24 hours (ρ = 0.45, P = .005), as well as or urogynecological dysfunction. The intensity of abdominal pain found in our sample was quite low and may not be clinically relevant, therefore the association between abdominal pain and IRD should be interpreted with caution.
To our knowledge, this is the first study to have investigated the relationship between IRD and body image in women with DrA. Only 1 other study, by Parker, 21 investigated the relationship between IRD and abdominal pain in women with DrA and the results differed from those found here; no difference in the intensity of pain symptoms was found between women who were classified as having severe DrA (IRD > 2.5 cm) and those who were classified as having moderate DrA (IRDs between 2 and 2.5 cm). The discrepancy in results may be attributed to differences in the way that pain was evaluated.
Parker 21 combined abdominal pain and pelvic pain symptoms into 1 outcome whereas we evaluated abdominal pain and pelvic pain as separate entities. Further, Parker 21 used an arbitrary cut off point of 2.5 cm to separate women into the moderate and severe DrA cohorts, which may not have been appropriate given that IRD can be as large as 23 cm 6 in women with DrA.
Through this study we determined that abdominal pain in women with DrA is not always due to the presence of abdominal wall hernias. Other studies where abdominal pain has been reported in women with DrA either did not screen for, or did not report the presence of hernias in their sample. 7, [21] [22] [23] [24] Although we found an association between IRD and abdominal pain, the median pain score of 0 in our sample indicates that at least half of the women with DrA in our sample reported no abdominal pain at rest or in the past 24 hours. This finding may have been due to the descriptors (the "anchors") used for our VAS. Emanuelsson et al 23 reported that 75% of patients with DrA who had concurrent abdominal "discomfort" reported no abdominal "pain" or "pain" that was easy to ignore when the Ventral Hernia Pain Questionnaire was completed. Thus, it is possible that the women in our sample who reported no abdominal pain did so despite having discomfort because they did not identify with the word "pain". Regardless, the highest intensity of abdominal pain reported in our sample was 11 out of 100 on the VAS, therefore the abdominal pain associated with higher IRD in our sample appears to be of mild intensity. It should also be noted that participants were not specifically instructed to focus on anterior abdominal wall symptoms only, but rather pain in the abdomen, which may have included gastrointestinal pain. Given our findings, it would be worthwhile focusing on the location and nature of this pain in future work.
Although studies to date suggest that women with DrA may present with lower body image relative to the general population, [14] [15] [16] [17] [18] [19] [20] this is the first study to investigate the relationship between IRD and measures of body image in women with DrA. The poorest body image and body satisfaction ratings were 1 and 1.7 out of 5, respectively, with median values of 2.5 and 3.7 out of 5.
Our findings are consistent with other reports of body image complaints in women with DrA, [14] [15] [16] and suggest that body image may impaired in women with DrA. It therefore may be appropriate to consider body image and body satisfaction as key patient-oriented outcomes in the management of DrA.
Only 1 other study has investigated the relationship between IRD and severity of low back or pelvic pain in women with DrA and reported similar results to those reported here. Parker 21 found no difference in pelvic pain (grouped with abdominal pain) or low back pain in women with what they classified as moderate DrA (IRDs between 2 and 2.5 cm) compared to women they classified as having severe DrA (IRD > 2.5 cm). The evidence surrounding the association between lumbopelvic pain and DrA is somewhat conflicting. While Fernandes da Mota et al 25 were menopausal and therefore unlikely to be in the early postpartum period. It may be that in the early postpartum period, when the DrA has not been present for long, it is not accompanied by lumbopelvic pain or dysfunction, yet once DrA has persisted for several years, the cumulative impact of the DrA on low back and trunk biomechanics may eventually lead to pain or dysfunction. The cumulative impact of DrA on lumbopelvic mechanics may underpin the results of a recent report on the high prevalence (83%) of DrA among women seeking physiotherapy for lumbopelvic pain. 28 It is also possible that conflicting results are due to relationship moderators such as the capacity of the linea alba to transmit loads, regardless of the magnitude of the IRD. 48 It has been suggested that the integrity of the linea alba may influence the capacity to stabilize the pelvis and the lumbar spine. 49 Relationship between the interrectus distance (largest regardless of measurement site) and the Appearance Evaluation subscale of the Multidimensional Body-Self Relations Questionnaire.
Figure 3.
Relationship between the interrectus distance (largest regardless of measurement site) and the worst abdominal pain in the past 24 hours. VAS = visual analog scale.
women with DrA than in those without DrA, 9,27 a recent prospective study did not find a difference in the prevalence of urogynecological complaints in women with DrA and women without DrA. 51 Our data did not support a relationship between IRD and severity of urogynecological complaints in women with DrA in the early postpartum period. Differences in results may again have been moderated by factors such as the duration over which the DrA has persisted and/or the ability of the linea alba to transmit loads. They may also have been due to the influence of prepregnancy urogynecological complaints on postpartum symptoms, as urine leakage prior to pregnancy increases the risk of persistent postpartum incontinence by up to 4 times. 52 We did not ask women about urogynecological symptoms prior to pregnancy and were therefore unable to control for this possible relationship moderator.
Although participants in this study were aware that they had a DrA, they were blinded to their measured IRD, thereby minimizing the potential of a nocebo effect on symptoms, a strength of the study. Further, our sample had a wide range (1.5-8 cm) of IRDs which allowed us adequate spread in our IRD data to investigate associations between IRD and symptoms. However, the women in our sample were primiparous, were in the very early postpartum period, had relatively low body mass indexes, were all breast-feeding, and had a narrow age range. Further, because women participating in this study were initially recruited to participate in an intervention study involving physical activity, sampling bias may have been present. These factors limit the generalizability of our results to all women with DrA. Further, although we found an association between IRD and severity of abdominal pain and body image complaints, based on our cross-sectional design, we cannot determine if this relationship is causal. A next step would be to use a prospective design using a larger sample of women that is more representative of the obstetrical population, and following women both with and without DrA over a much longer period, even several years.
Further, although we were able to determine that body mass index and waist circumference were unlikely to confound the correlations between IRD and both abdominal and body image, these variables may well moderate or mediate the relationship between IRD and symptoms. Our inability to apply parametric statistics (eg, regression) limited our ability to evaluate potential mediating or moderating effects. A larger sample size may have generated a normal distribution.
Conclusion
Our preliminary findings suggest that in women with DrA who are early in the postpartum period and are generally not overweight or obese, IRD is negatively correlated with body image and positively correlated to abdominal pain intensity. However abdominal pain was relatively mild in the study sample, and therefore the correlation between abdominal pain and IRD should be interpreted with caution. We conclude that IRD can be interpreted as a measure of DrA severity in the context of body image among women who match the characteristics of this sample; results may differ in women who are remote from childbearing or who present with higher body mass indexes. Based on the low levels of reported pain found in our sample, it is clear that not all women with DrA experience musculoskeletal pain or dysfunction in the early postpartum period, and if they do, the pain appears to be relatively mild. The results of this study cannot be generalized to all women with DrA. Women with higher body mass indexes or who have DrA that has persisted for some time after delivery may experience cumulative effects that lead to pain or dysfunction that is not evident in the early postpartum period.
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